Functions of DHP and its nuclear receptor on reproductive neuroendocrine in zebrafish (Danio rerio) by 王翠丽
学校编码：10384＿070703＿22320120153453                        分类号  密级    









博  士  学  位  论  文 




Functions of DHP and its nuclear receptor on reproductive 





专  业 名 称：海洋生物学 
论文提交日期：2016 年 7 月 
论文答辩时间：2016 年 8 月 



























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的


































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                           声明人（签名）： 

















摘 要 ···························································································· I  
Abstract ······················································································ II 
第一章 绪论 ················································································· 1 
1.1 斑马鱼概况 ··········································································· 1 
1.2 17α,20β双羟孕酮 (DHP)  ······················································· 5 
1.3 17α,20β双羟孕酮 (DHP)的作用 ··············································· 8 
1.4 17α,20β双羟孕酮 (DHP)与多巴胺（Dopamine） ························ 12 
1.5 本论文研究目的及意义 ·························································· 13 
第二章 DHP 及其核受体对雄性斑马鱼促性腺激素 β 亚基的调控 26 
2.1 实验材料 ············································································· 26 
2.2 实验方法 ············································································· 33 
2.3 实验结果 ············································································· 61 
2.4 讨论 ··················································································· 79 
第三章 DHP 及其核受体对雄性斑马鱼多巴胺及其受体表达调控 ·· 88 
3.1 实验材料 ············································································· 88 
3.2 实验方法 ············································································· 91 
3.3 实验结果 ············································································ 101 
3.4 讨论 ·················································································· 104 
第四章 DHP 及其核受体对雄性斑马鱼促性腺激素释放激素的表达
调控 ·························································································· 108 
4.1 实验材料 ············································································ 108 
4.2 实验方法 ············································································ 112 
4.3 实验结果 ············································································ 122 















第五章 结论和展望 ··································································· 129 
5.1 结论 ·················································································· 129 
5.2 创新点 ··············································································· 130 
5.3 展望 ·················································································· 130 
在学期间参加的科研项目及成果 ················································ 132 

















Abstract in Chinese ····························································· I 
Abstract ·········································································· II 
Chapter 1 Introduction ························································ 1 
1.1 Zebrafish overview ··································································· 1 
1.2 17α,20β hydroxy progesterone (DHP) ············································ 5 
1.3 Functions of 17α,20β hydroxy progesterone (DHP) ··························· 8 
1.4 17α,20β hydroxy progesterone (DHP) and Dopamine ······················ 12 
1.5 Objectives and significance of this dissertation ······························ 13 
Chapter 2 Regulation of DHP and its nuclear receptor on 
gonadotropins β subunit in male zebrafish ······························ 26 
2.1 Materials ············································································· 26 
2.2 Methods ·············································································· 33 
2.3 Results ················································································ 61 
2.4 Discussion ············································································ 79 
Chapter 3 Regulation of DHP and its nuclear receptor on the 
expression of dopamine and its receptors in male zebrafish ·········· 88 
3.1 Materials ············································································· 88 
3.2 Methods ·············································································· 91 
3.3 Results ··············································································· 101 
3.4 Discussion ··········································································· 104 
Chapter 4 Regulation of DHP and its nuclear receptor on the 
expression of gonadotropin-releasing hormone in zebrafish ········ 108 















4.2 Methods ············································································· 112 
4.3 Results ··············································································· 122 
4.4 Discussion ··········································································· 125 
Chapter 5 Conclusion and Prospect  ····································· 129 
5.1 Conclusions ········································································· 129 
5.2 Innovations ········································································· 130 
5.3 Prospects ············································································ 130 


















体中促性腺激素 β 亚基基因（fshb 和 lhb）、脑中多巴胺合成限速酶酪氨酸羟基
化酶基因（th2）及多巴胺二型受体基因（drd2a 和 drd2b）和促性腺激素释放激
素基因（gnrh2 和 gnrh3）mRNA 表达的影响。主要研究结果如下： 
1. 野生型雄性斑马鱼垂体中促性腺激素 β 亚基基因（fshb 和 lhb）mRNA 表
达呈现周日变化趋势，可分为基础表达期、上升表达期和高峰表达期 3 个期，高
峰表达期的 mRNA 表达量显著高于其它 2 个期。野生型雄性斑马鱼活体暴露于
DHP 水溶液后，垂体中 fshb 和 lhb mRNA 表达量随 DHP 暴露浓度的增加和暴露
时间的延长均出现上升趋势；而暴露于 DHP+ RU486 的水溶液后，垂体中 fshb
和 lhb mRNA 表达量出现随 RU486 暴露浓度的增加而降低的趋势。 
2. 野生型和孕酮核受体敲除型雄性斑马鱼活体分别暴露于 DHP 水溶液 24h
后，敲除型雄鱼垂体中 fshb 和 lhb mRNA 表达量与野生型比较显著降低。两种类
型雄鱼的垂体组织暴露于含有 DHP 的 L-15 培养液中连续培养 24h，敲除型雄鱼
垂体中的 lhb mRNA 表达量与野生型雄鱼比较无显著性差异，但 fshb mRNA 表
达量显著低于野生雄鱼。荧光原位共杂交技术显示：pgr 与 fshb 共同表达在相同
的促性腺激素细胞中，pgr 与 lhb 表达在不同的促性腺激素细胞中。 
3. 野生型雄性斑马鱼活体暴露于 DHP 水溶液后，脑中 gnrh2 和 gnrh3 mRNA
表达量显著升高；野生型与敲除型雄鱼活体暴露于 DHP 水溶液后，两种类型之
间进行比较，脑中 gnrh2 和 gnrh3 mRNA 表达量均无显著性差异。 
4. 野生型雄鱼脑中 th2 mRNA和垂体中 drd2a和 drd2b mRNA表达量出现周
日变化。野生型雄鱼和敲除型雄鱼活体暴露于 DHP 水溶液后，野生型雄鱼脑中

















 Abstract  
We examined the effects of DHP on the fshb, lhb, th2, drd2a, drd2b, gnrh2 and 
gnrh3 mRNA expression in WT and pgr-/-. The main results were as follows: 
1. fshb and lhb mRNA expression of WT showed diurnal change. The level of 
peak expression phase was significantly higher than those of other two expression 
phases. After WT were exposed to DHP in vivo, fshb and lhb mRNA expression 
showed a upward trend with the increases of DHP concentrations and exposure time, 
but after WT were exposed to DHP+ RU486 in vivo, fshb and lhb expression showed 
a downward trend with the increases of RU486 concentrations. 
2. After WT and pgr-/- were respectively exposed to DHP for 24h, fshb and lhb 
mRNA expression of pgr-/- was significantly lower than that of WT. After pituitary 
tissues of WT and pgr-/- were respectively exposed to L-15 media with DHP for 24h, 
lhb mRNA expression of WT and pgr-/- were not significant different, but fshb mRNA 
expression of pgr-/- was significantly lower than that of WT. pgr and fshb mRNAs 
were expressed in the same gonadotropin cells, but not pgr and lhb mRNAs. 
3. After WT were respectively exposed to DHP for 24h, gnrh2 and gnrh3 mRNA 
expression were significantly increased. After WT and pgr-/- were respectively 
exposed to DHP for 24h, both of gnrh2 and gnrh3 mRNA expression were not 
significantly different. 
4. Brain th2 and pituitary drd2a and drd2b mRNA expression of WT showed a 
diurnal change. After WT and pgr-/- were exposed to DHP in vivo for 24h. Brain th2 
and pituitaty drd2a and drd2b mRNA expression levels of WT were significantly 
lower than those of pgr-/-. 
 



























图 1-1 雄性斑马鱼 
Fig. 1-1 Male zebrafish 
 
 图 1-2 雌性斑马鱼 





























饲养为主，对饲养水质的要求不高：水温 20～28℃，酸碱度 pH 6.5～7.5，水硬
度 6～8。斑马鱼食性较杂，人工饲养条件下可以热带鱼饲料和丰年虫配合喂养，
饲养良好的斑马鱼 4 个月龄后雌雄鱼均进入性成熟阶段，可进行繁殖产卵，繁殖
周期约 7 天。 
 图 1-3 斑马鱼分布 



















（FSH 和 LH），FSH 和 LH 又可与性腺内受体结合调控类固醇激素合成分泌，反
之性腺产生的类固醇激素又可反作用于下丘脑和垂体，从而形成下丘脑-垂体-性
腺轴（Hypothalamus-Pituitary-Gonad, HPG），简称 HPG 轴，斑马鱼在 HPG 轴的
调控下完成周期性生殖活动。 
 
1.2 17α,20β双羟孕酮 (DHP) 
 
1.2.1 17α,20β双羟孕酮 (DHP)在鱼类中的发现 
 
早在 1960 年 Idler 等在雌性红大马哈鱼（Oncorhynchus nerka）血浆中发现
了 DHP，两年后的 1962 年 Schmidt 和 Idler 在雄性大西洋鲑鱼（Salmo salar）血
浆中也同样发现 DHP 的存在，这是最早记载硬骨鱼中存在 DHP 的科学文献。 
 
1.2.2 17α,20β双羟孕酮 (DHP)在雄鱼血浆中的含量 
 
研究表明，不同种雄鱼血浆中 DHP 含量差异较大，可从含量大于 5ng/mL
到小于 0.15ng/mL，例如：沙丁鱼（Sardinops sagax）（Matsuyama et al., 1991; 
Matsubara et al., 1992）、莫桑比克罗非鱼（Oreochromis mossambicus）（Rocha and 
Reis-Henriques, 1996）、条纹鲈鱼（Morone saxatilis）（Mylonas et al., 1997, 1998）
和太平洋鲱鱼（Clupea pallasii）（Carolsfeld et al., 1996, 1997; Koya et al., 2002）
血浆中 DHP 含量可达 1～5ng/mL，而腋孔蟾鱼（Halobatrachus didactylus）
（Modesto and Canario, 2003）和矛鲷（Sparidentex hasta）（Kime et al., 1991）血
浆中 DHP 含量却小于 0.4ng/mL，但即使为同一种雄鱼，由于其所处生殖周期不
同（生殖季节和非生殖季节），其血浆中的 DHP 含量也有较大幅度波动，例如：
金鱼（Carassius auratus）（Kobayashi et al., 1986a, 1986b; Suzuki et al., 1988）、南
美洲鲶鱼（Rhamdia quelen）（Barcellos et al., 2002）和圆斑星鲽（Verasper 

















1.2.3 17α,20β双羟孕酮 (DHP)在雄鱼中的产生 
 
虹鳟（Oncorhynchus mykiss）精巢组织离体培养实验证明 DHP 可在精巢组
织中产生，处于精子生成期时 DHP 可被促黄体生成激素（LH）、17α-羟基孕酮
（17-α-hydoxy progesterone,17α-OHP）和促卵泡生成激素（FSH）诱导产生（Arai 
and Tamaoki, 1967; Sakai et al., 1989a; Planas et al., 1993）。 
三斑海猪鱼（Halichoeres kawarin）精巢组织离体培养实验证明，当培养液
底物含有放射性元素氚标记的 17α-OHP 时，经检测发现培养后的精巢组织中
DHP（由 17α-OHP 羟基化形成）含有放射性元素氚（Leatherland et al., 2003）。
斑马鱼（Danio rerio）和黑头呆鱼（Mystus corsula）精巢组织发育的各阶段均发
现合成 DHP 的关键酶——20β-羟基类固醇脱氢酶（20β-Hydroxytestosterone, 
20β-HSD）（Wang and Ge, 2002; Kusakabe et al., 2006; Villeneuve et al., 2007）。 
 




胞共同培养时，才会发现有 DHP 的产生（Sakai et al., 1989b）。在马苏大麻哈鱼
（Oncorhynchus masu）的研究中显示：离体培养完全不含有精子细胞的精巢组
织时，精巢组织可合成 17α-OHP，但不能合成 DHP（Sakai et al., 1996），推测精




20β-HSD 可催化 17α-OHP 羟基化而转变为 DHP（Sakai et al., 1989b; Ebrahimi 
et al., 1996），而在很多种类的雄鱼精子中的 20β-HSD 不具备使17α-OHP转变为















石斑鱼（Epinephelus tauvina）（Tan et al., 1995）只具备产生 17,20α-DHP 的能
力。 
另外一个存在争议的问题是 DHP 产生的关键酶 20β-HSD 是否仅存在于
雄性精子中，因为没有成熟的精巢组织中是不存在成熟的精子而仅仅存在精原细
胞（Ueda et al., 1983; Scott and Sumpter, 1989; Schulz et al., 1992; Vizziano et al., 
1995; Milla et al., 2008），当雄性虹鳟精巢组织中大部分为初级精原细胞或仅含
有少量的精子时，精巢组织已表现出合成 DHP 的能力（Saad and Depeche, 
1987）；而处于青春期的雄性虹鳟精巢组织中只含有精原细胞并不含有成熟精子，
将其精巢组织进行离体培养，结果也同样可以产生 DHP（Vizziano et al., 1995）。
1996年的研究最终证明，可将 17α-OHP 转变为 DHP 的关键酶 20β-HSD 不仅
只存在于成熟精子中，在精原细胞中也同样存在（Vizziano et al., 1996）。 
同样如果关于 17α-OHP 是合成DHP的主要“原料”，单独的精原细胞或精子
并没有直接产生 DHP 的能力，证据越来越清晰的显示睾丸间质细胞（Leydig 
cells）或支持细胞（Sertoli cells）是产生 17α-OHP 的场所，因此，精巢组织合
成DHP是有赖于体细胞的参与。 
 
1.2.5 17α,20β双羟孕酮 (DHP)在雄鱼中的转变机制 
 
在许多雄性硬骨鱼中，如马苏大麻哈鱼（Sakai et al., 1989a）、大西洋鲑鱼
（Mayer et al.,1990）和布氏海猪鱼（Halichoeres bleekeri）（Sundaray et al., 2003）
等雄性鱼类精子排放的开启并非仅仅只是血浆中 DHP 浓度的升高，还伴随着血
浆中 11-酮基睾酮（11-Ketotestosterone, 11-KT）浓度的下降。 
如果 11-KT 可转化为DHP，那么这个“指挥”信号无疑是来自于脑和垂体
腺体，而从19个碳原子的 11-KT 转变为21个碳原子的 DHP，其细胞内的分子
机制存在很大争议，目前争议的中心主要是细胞色素P45017α-羟化酶


















素（17β-Estradiol, E2）的共前体，这一理论目前被Barry等在锦鲤（Cyprinus carpio 
haematopterus）中证实，研究发现成年锦鲤精巢组织中含有大量 17α-OHP足以
使P450C17酶达到饱和量，精原细胞和精子可有效的将 17α-OHP 转化DHP，从
而直接抑制 P450C17 酶的裂解功能（Barry et al., 1989, 1990）。 
实验证明当莫桑比克罗非鱼和青鱂（Oryzias latipes）雌鱼的卵母细胞处于成
熟的最后阶段时，卵巢中缺乏裂解酶活性的 P450C17 酶的表达量会有一个突然
急剧升高（Zhou et al., 2007），这个结果有力的证明了在雌鱼中至少存在两种酶
活性的 P450C17，第一种为 P450C17-Ⅰ，该酶具有裂解活性，存在于生长期的





1.3 17α,20β双羟孕酮 (DHP)的作用 
 





未注射雄鱼提早 1～2 个月（Ueda et al., 1985）。DHP 用注射或用硅橡胶埋植两种
不同方法处理溪红点鲑（Salvelinus fontinalis）雄鱼，发现其排精时间也比正常
时间提前（Milla et al., 2008；Marshall et al., 1989）。每天向雄性樱花钩吻鲑腹腔
内注射 DHP，两天后精液量显著性升高（Miura et al., 1991）。垂体切除的雄性
金鱼接受 DHP 腹腔注射可诱导排精发生（Loir and Billard, 1990）。DHP 处理几
种未排精雄鱼后，发现雄鱼精巢组织有排精的现象。DHP 可诱导雄鱼排精的情
况目前比较清晰，但在已排精的雄鱼中用 DHP 处理是否也能诱导排精目前还不






















察到，当 E2 和 DHP 同时加入培养液中时，DNA可以发生合成反应（Higashino 
et al., 2003），那么在精巢组织中 DHP 是否也有开启减数分裂的能力? 将雄性
樱花钩吻鲑和金鱼精巢组织离体培养在含有 DHP 的培养液中，发现与早期减数
分裂有关的两个分子标记基因表达量均显著提高（Miura et al., 2006; Miura et al., 
2007），证明 DHP 在这两种雄鱼中具有开启减数分裂的能力。 
自然条件下 DHP 开启雄鱼进入减数分裂的能力也得到证据证实，研究人员
发现雄性远东哲罗鲑鱼达到性成熟时血浆当中会出现两次 DHP 含量高峰，第一
次出现在精母细胞出现时，第二次出现在精子排放期（Amer et al., 2001）。孵化
后11天的远东哲罗鲑鱼 XX 型雌鱼和孵化60天的远东哲罗鲑鱼 XY 型雄鱼，性
腺中的 P450C17-Ⅱ酶（直接指导类固醇的合成朝向DHP的方向）开始表达，在
雌雄鱼减数分裂开始的2～3周，P450C17-Ⅱ酶优先开始表达（Zhou et al., 2007）。
并非只有远东哲罗鲑鱼会出现此现象，当雄性杜夫鱼（Cottus sp.）精巢中只含有
精原细胞时，其体内 DHP 含量已出现一个高峰（Fukui et al., 2007）；雄性太平
洋鲱鱼精子发生时期血浆中 DHP 浓度出现一个高峰，而另一个高峰出现在排精
期（Koya et al., 2002）；在远东哲罗鲑鱼和杜夫鱼雌鱼中也会出现类似的现象，
雌性远东哲罗鲑鱼卵母细胞出现前一个月，卵黄泡阶段血浆中出现 DHP 含量的
第一个高峰，在产卵期间出现 DHP 含量的第二个高峰（Fukui et al., 2007）。丁
桂鱼（Tinca tinca）雌、雄鱼血浆中 DHP 含量的高峰并未出现在产卵/排精期间，
而是出现在产卵/排精后1～2个月，这时精巢与卵巢只含有初级精原细胞和初级
卵原细胞，并不含有精子和卵子（Pinillos et al., 2003），提示 DHP 在雄鱼中具
有开启减数分裂的能力。 
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